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(57) ABSTRACT 
A micropattern forming material comprises a polar change 
material formed on a resist pattern capable of generating an 
acid, the polar change material being soluble in Water or an 
alkali; a portion of the polar change material in contact With 
the resist pattern undergoing a polar change caused by the 
acid from the resist pattern to form an insolubiliZed ?lm 
insoluble in Water and the alkali; and Water or a mixed 
solvent of Water and a Water-soluble organic solvent. 
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MICROPATTERN FORMING MATERIAL, 
MICROPATTERN FORMING METHOD AND 

METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a micropattern 
forming material, a micropattern forming method and a 
method for manufacturing a semiconductor device. 

[0003] 2. Background Art 

[0004] In recent years, as the degree of integration of 
semiconductor devices increases, the siZes of individual 
elements become increasingly smaller, along With smaller 
Widths of Wirings, gates and the like constituting individual 
elements. In general, a micropattern is formed by forming a 
desired resist pattern according to a photolithographic tech 
nique and etching different types of underlying thin ?lms 
through the resist pattern as a mask. In this sense, the 
photolithographic technique is very important for the for 
mation of the micropattern. 

[0005] The photolithographic technique includes the steps 
of coating of a resist, positioning of a mask, light eXposure 
and development. In this connection, hoWever, With recent 
cutting-edge devices, the pattern dimension is noW coming 
close in on the limit of resolution by light exposure, and thus 
it is imperative that an eXposure technique of a higher degree 
of resolution be developed. 

[0006] In convention photolithographic techniques, the 
shifting of the sensitivity of a resist toWard a short Wave 
length side presents the problem that the etching resistance 
of the resist loWers. For instance, a resist having an aromatic 
ring in the molecule eXhibits a good etching resistance, but 
With its sensitivity appearing at a long Wavelength of 300 nm 
or over. On the other hand, a resist having no aromatic ring 
in the molecule has sensitivity at a short Wavelength, but 
With a loWering of the etching resistance. If the etching 
resistance of a resist loWers, the resist ?lm is more readily 
etched, With the attendant problem that the pattern accuracy 
of a ?nally formed thin ?lm loWers. 

[0007] We have disclosed in Japanese Patent No. 3071401 
(corresponding US. Pat. No. 5,858,620) a method of form 
ing a ?ne resist pattern Where a Water-soluble resin capable 
of crosslinkage by reaction With an acid catalyst is used to 
form a so-called organic frame on a resist surface. HoWever, 
this method has the problem that the resultant resist pattern 
deforms through the internal stress caused by volumetric 
shrinkage of the resin in the course of the crosslinking 
reaction. 

[0008] The invention has been made in order to overcome 
these problems in the art. An object of the invention to 
provide a micropattern forming material Which ensures the 
formation of a micropattern beyond the limit of an eXposure 
Wavelength in a photolithographic technique, a micropattern 
forming method using the material, and a method for manu 
facturing a semiconductor device. 

[0009] The invention also provides a micropattern form 
ing material of a good resist resistance, a micropattern 
forming method using the material, and a method for manu 
facturing a semiconductor device. 
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[0010] The invention further provides a micropattern 
forming material Which is freed of deformation of a resist 
pattern ascribed to the internal stress therein, a micropattern 
forming method using the same, and a method for manu 
facturing a semiconductor device. 

[0011] Other objects and advantages of the invention Will 
become apparent from the folloWing description. 

SUMMARY OF THE INVENTION 

[0012] According to one aspect of the present invention, a 
micropattern forming material comprises a polar change 
material formed on a resist pattern capable of generating an 
acid, the polar change material being soluble in Water or an 
alkali, a portion of the polar change material in contact With 
the resist pattern undergoing a polar change caused by the 
acid from the resist pattern to form an insolubiliZed ?lm 
insoluble in Water and the alkali; and Water or a miXed 
solvent of Water and a Water-soluble organic solvent. 

[0013] According to another aspect of the present inven 
tion, in a micropattern forming method, a resist pattern 
capable of generating an acid is formed on a support. A 
micropattern forming material soluble in Water or an alkali 
is coated on the resist pattern to form a micropattern forming 
?lm. The micropattern forming material includes a polar 
change material soluble in Water or the alkali undergoing a 
polar change caused by the acid, and (ii) Water or a miXed 
solvent of Water and a Water-soluble organic solvent. An 
insolubiliZed ?lm is formed by the polar change of the 
micropattern forming ?lm caused by the acid from the resist 
pattern at a portion of the micropattern forming ?lm in 
contact With the resist pattern. The insolubiliZed ?lm is 
insoluble in Water or the alkali. The remaining portion of the 
micropattern forming ?lm Which is soluble in Water or the 
alkali is removed. 

[0014] Other and further objects, features and advantages 
of the invention Will appear more fully from the folloWing 
description. 

BRIEF DESCRIPTION OF THE DRAWING 

[0015] FIG. 1A shoWs a micropattern forming method 
according to the ?rst embodiment. 

[0016] FIG. 1B shoWs a micropattern forming method 
according to the ?rst embodiment. 

[0017] FIG. 1C shoWs a micropattern forming method 
according to the ?rst embodiment. 

[0018] FIG. 1D shoWs a micropattern forming method 
according to the ?rst embodiment. 

[0019] FIG. 1E shoWs a micropattern forming method 
according to the ?rst embodiment. 

[0020] FIG. 1F shoWs a micropattern forming method 
according to the ?rst embodiment. 

[0021] FIG. 2A shoWs a micropattern forming method 
according to the second embodiment. 

[0022] FIG. 2B shoWs a micropattern forming method 
according to the second embodiment. 

[0023] FIG. 2C shoWs a micropattern forming method 
according to the second embodiment. 
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[0024] FIG. 2D shows a micropattern forming method 
according to the second embodiment. 

[0025] FIG. 2E shoWs a micropattern forming method 
according to the second embodiment. 

[0026] FIG. 2F shoWs a micropattern forming method 
according to the second embodiment. 

[0027] FIG. 2G shoWs a micropattern forming method 
according to the second embodiment. 

[0028] FIG. 3A shoWs a micropattern forming method 
according to the third embodiment. 

[0029] FIG. 3B shoWs a micropattern forming method 
according to the third embodiment. 

[0030] FIG. 3C shoWs a micropattern forming method 
according to the third embodiment. 

[0031] FIG. 3D shoWs a micropattern forming method 
according to the third embodiment. 

[0032] FIG. 3E shoWs a micropattern forming method 
according to the third embodiment. 

[0033] FIG. 3F shoWs a micropattern forming method 
according to the third embodiment. 

[0034] FIG. 3G shoWs a micropattern forming method 
according to the third embodiment. 

[0035] FIG. 4 is a plan vieW of the example 9 or 10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] The embodiments of the invention are described in 
detail With reference to the accompanying draWings. 

[0037] First Embodiment 

[0038] FIG. 1A~FIG. 1F is, respectively, a process chart 
shoWing a method of manufacturing a semiconductor device 
using a micropattern forming material according to the 
invention. 

[0039] As shoWn in FIG. 1A, a resist composition is 
coated on a semiconductor substrate 1 to form a resin ?lm 
2. For instance, a resist composition is coated on a semi 
conductor substrate by a spin coating method or the like in 
a thickness of 0.7 pm to 1.0 pm. 

[0040] In this embodiment, the resist composition used is 
one Which is able to generate an acidic component inside the 
resist by application of heat. The composition includes, for 
example, a positive-type resist made of a novolac resin and 
a naphthoquinone diaZide photosensitiZer. The resist com 
position may be either a positive-type resist or a negative 
type resist. 

[0041] Next, the solvent present in the resist ?lm 2 is 
evaporated by a pre-baking treatment. The pre-baking treat 
ment is carried out, for example, by thermal treatment using 
a hot plate at 70° C. to 110° C. for about 1 minute. 
Thereafter, as shoWn in FIG. 1B, the resist ?lm 2 is exposed 
to light through a mask 3. The light source used for the 
exposure may be one Whose Wavelength corresponds to a 
sensitivity Wavelength of the resist ?lm 2. Using such a light 
source, the resist ?lm 2 is irradiated, for example, With a 
g-line spectrum of light, an i-line spectrum of light, deep UV 
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light, a KrF excimer laser beam (248 nm), an ArF excimer 
laser beam (193 nm) and EB (electron beam), or an X ray. 

[0042] After exposure of the resist ?lm, a PEB treatment 
(post-exposure baking treatment) is carried out, if necessary. 
This leads to an improved resolution of the resist ?lm. The 
PEB treatment is performed, for example, by baking at 50° 
C. to 120° C. 

[0043] Next, developing treatment is carried out by use of 
an appropriate liquid developer for patterning of the resist 
?lm. If the resist composition used is of the positive type, 
such a resist pattern 4 as shoWn in FIG. 1C is obtained. For 
a liquid developer, an alkaline aqueous solution containing, 
for example, about 0.05 to 3.0 Wt % of TMAH (tetramethy 
lammonium hydroxide) may be used. 

[0044] After completion of the development, post-devel 
opment baking may be performed, if necessary. Because the 
post-development baking in?uences a subsequent mixing 
reaction, it is favorable that temperature conditions are 
appropriately set depending on the types of resist composi 
tion and micropattern-forming material used. For instance, a 
hot plate is used for heating at 60° C. to 120° C. for about 
60 seconds. 

[0045] As shoWn in FIG. 1D, 21 micropattern forming 
material according to the invention is coated onto the resist 
pattern 4 to form a micropattern forming ?lm 5. The manner 
of coating the micropattern forming material is not critical 
so far as uniform coating on the resist pattern 4 is ensured. 
For instance, a spraying method, a spin coating method or a 
dipping method can be used for the coating. 

[0046] The micropattern forming material of the invention 
has a feature in that it undergoes a polar change in the 
presence of an acid and is insolubiliZed in a liquid developer. 
More particularly, the insolubiliZation is realiZed by utiliZing 
pinacol rearrangement With an acid. The composition of the 
micropattern forming material is described in detail beloW. 

[0047] The micropattern forming material according to the 
invention comprises a Water or alkali-soluble resin, a pina 
col, and Water or a mixed solvent of Water and an Water 
soluble organic solvent. 

[0048] The resins include, for example, ones having an 
aromatic ring in the structure thereof. The resins may be 
used singly or in admixture of tWo or more resins. For 
instance, mentions is made of polyvinyl alcohol, polyacrylic 
acid, polyvinyl acetal, polyvinyl pyrrolidone, polyethylene 
imine, polyethylene oxide, a styrene-maleic anhydride 
copolymer, polyvinylamine, polyallylamine, an oxaZoline 
group-containing Water-soluble resin, a Water-soluble 
melamine resin, a Water-soluble urea resin, an alkyd resin or 
sulfonamide. 

[0049] The pinacol is represented by chemical formula 1 
and includes, for example, 1,1,2,2-tetramethylethylene gly 
col, hydrobenZoin, benZopinacol, DL-ot,[3-di-(4-pyridyl)gly 
col or 2,3-di-2-pyridyl-2,3-butanediol as shoWn in chemical 
formula 2. 

[0050] [Chemical Formula 1] 

R1R2C(OH)C(OH)R3R4 

[0051] (Wherein R1, R2, R3 and R4 represent hydrogen, an 
alkyl group, a phenyl group or a pyridine group). 
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[0052] [Chemical Formula 2] 

OH OH 

(CH3)2 (CH3)2 

[0053] 1,1,2,2-Tetramethylethylene glycol 

OH OH 

2 
Hydrobenzoin 

OH OH 

E 
O OH OH O 

Benzopinacol 
OH OH 

/ 
CH3 CH3 N 

2.3-Di-2-pyridyl 2.3-butanediol 

[0054] The resin and pinacol may be dissolved either in 
Water or in a mixed solvent of Water and an organic solvent. 
The organic solvent mixed With Water is not critical in type 
so far as it is miscible With Water, and the type of organic 
solvent should be so selected as to take the solubility of the 
resin used for the micropattern forming material into con 
sideration and should be mixed Within a range of amount not 
dissolving a resist pattern. For instance, alcohols such as 
ethanol, methanol, isopropyl alcohol and cyclohexanol, 
y-butyrolactone, N-methylpyrrolidone or acetone can be 
used. 

[0055] The micropattern forming material may be one 
Which comprises a pinacol component-containing copoly 
mer soluble in Water or alkali, and Water or a mixed solvent 
of Water and a Water-soluble organic solvent. For the pinacol 
component-containing, Water or alkali-soluble copolymer, a 
copolymer of p-(1,2-dihydroxy-1,2-dimethylpropyl)styrene 
and a styrene derivative having a hydrophilic group may be 
used. 

[0056] For instance, as shoWn in chemical formula 3, a 
copolymer of p-(1,2-dihydroxy-1,2-dimethylpropyl)styrene 
and tetramethylammonium-p-styrenesulfonate, or a copoly 
mer of p-(1,2-dihydroxy-1,2-dimethylpropyl)styrene and 
styrene having an ethylene oxide oligomer at the para 
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position may be used as a major component of the copoly 
mer. The ethylene oxide oligomer should preferably be such 
that n=10~30. In addition, a copolymer made of three 
components of p-(l,2-dihydroxy-1,2-dimethylpropyl)sty 
rene, tetramethylammonium-p-styrenesulfonate and styrene 
having an ethylene oxide oligomer at the para position may 
also be used as the major component. 

[0057] [Chemical Formula 3] 

/ 

\ 

—— OH R 

—— OH 

Copolymer 

LONG]; 
[0059] For the styrene derivative having a hydrophilic 
group, there may be used a styrene derivative having ammo 
nium sulfonate or ethylene oxide oligomer at the ortho or 
meta position. 

[0060] In this case, p-(l,2-dihydroxy-1,2-dimethylpropyl 
)styrene serves as a pinacol component. Tetramethylammo 
nium-p-styrenesulfonate and styrene having an ethylene 
oxide oligomer at the para position, respectively, plays the 
role of imparting hydrophilicity and also adhesion to a resist. 

[0061] Where the hydrophilic components of tetramethy 
lammonium-p-styrenesulfonate and styrene having an eth 
ylene oxide oligomer at the para position are used for 
copolymeriZation With p-(l,2-dihydroxy-1,2-dimethylpro 
pyl)styrene, tetramethylammonium-p-styrenesulfonate may 
be larger in amount than styrene having an ethylene oxide 
oligomer at the para position, and vice versa. Alternatively, 
tetramethylammonium-p-styrenesulfonate and styrene hav 
ing an ethylene oxide oligomer at the para position may be 
used in equal amounts. It is preferred that the mixing ratio 
is changed depending on the properties of a resist used. 

[0062] Moreover, the micropattern forming material of the 
invention may further comprise, aside form the above-stated 
components, other components as additives. For instance, 
for the purpose of improving coating properties, a surface 
active agent may be contained. 

[0063] Next, pre-baking treatment is carried out so as to 
evaporate the solvent from the micropattern forming ?lm 5. 
The pre-baking treatment is effected, for example, by use of 
a hot plate for thermal treatment at about 85° C. for about 1 
minute. 
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[0064] After the pre-baking treatment, the resist pattern 4 
formed on the semiconductor substrate 1 and the micropat 
tern forming ?lm 5 formed thereon are subjected to thermal 
treatment (mixing bake treatment, Which is hereinafter 
referred to as MB treatment). For example, a hot plate is 
used to carry out the MB treatment at 70° C. to 150° C. for 
60 seconds to 120 seconds. 

[0065] When the MB treatment is carried out, an acid is 
generated in the resist pattern and the diffusion of the acid 
is facilitated, thereby feeding the acid from the resist pattern 
to the micropattern forming ?lm. Upon the feed of the acid 
to the micropattern forming ?lm, the pinacol component 
present in the micropattern forming ?lm undergoes a polar 
change by the pinacol rearrangement in the presence of the 
acid in the vicinity of the interface betWeen the resist pattern 
and the micropattern forming ?lm. This causes the polarity 
of the micropattern forming ?lm to be changed, so that the 
micropattern forming ?lm is insolubiliZed in Water or an 
alkaline aqueous developer. On the other hand, any polar 
change by the pinacol rearrangement does not take place in 
the micropattern forming ?lm at regions thereof other than 
the vicinity of the interface With the resist pattern, and these 
regions remain soluble in Water or an alkaline aqueous 
developer. 

[0066] As set forth hereinabove, the invention is charac 
teriZed in that the polar change ascribed to the pinacol 
rearrangement is utiliZed to form a portion or portions 
(hereinafter referred to as insolubiliZed layer) insolubiliZed 
in a liquid developer Within the micropattern forming ?lm. 
As shoWn in FIG. 1E, the insolubiliZed layer 6 is formed in 
the micropattern forming ?lm 5 so as to cover the resist 
pattern 4 thereWith. 

[0067] The thickness of the insolubiliZed layer can be 
controlled not only by changing the conditions of the MB 
treatment, but also by changing the quantity of reaction 
betWeen the resist pattern and the micropattern forming 
material. 

[0068] For instance, Where the micropattern forming 
material used is one Which is obtained by dissolving a 
pinacol-containing, Water-soluble resin in Water, the thick 
ness of the insolubiliZed layer can be controlled by changing 
the mixing ratio of the resin and the pinacol. 

[0069] Alternatively, When the micropattern forming 
material used is one Which is obtained by dissolving a 
copolymer made of a Water-soluble resin of tWo or more 
monomers in Water, the thickness of the insolubiliZed layer 
can be appropriately controlled by changing the copolymer 
iZing ratio betWeen the pinacol component and the other 
component constituting the copolymer. For example, Where 
a copolymer of p-(1,2-dihydroxy-1,2-dimethylpropyl)sty 
rene and tetramethylammonium-p-styrenesulfonate is used 
as major component of the micropattern forming material, 
the copolymeriZation ratio therebetWeen is appropriately 
selected to control the quantity of reaction betWeen the resist 
pattern and the micropattern forming ?lm. In this case, the 
pinacol component in the copolymer should preferably be 
Within as range of 55 mole % to 75 mole %. 

[0070] Next, development treatment is carried out using 
Water or an alkaline aqueous developer to remove the 
micropattern forming ?lm 5 at portions Where not insolu 
biliZed. For the alkaline aqueous developer, an aqueous 

Feb. 12, 2004 

solution of an alkali such as TMAH (tetramethylammonium 
hydroxide) can be used. After the development, post-baking 
treatment is performed under appropriate conditions to form 
a micropattern 7, thereby providing a structure of FIG. 1F. 
The post-baking treatment can be carried out, for example, 
by heating at 90° C. to 110° C. for 70 seconds to 90 seconds. 

[0071] The micropattern formed according to the forego 
ing steps is provided as a mask to etch different types of thin 
?lms, such as an insulating ?lm, formed on the underlying 
semiconductor substrate or semiconductor substrate, to fab 
ricate semiconductor devices having different types of 
micropattern structures. 

[0072] According to this embodiment, after the micropat 
tern forming ?lm has been insolubiliZed at the interface 
betWeen the resist pattern and the micropattern forming ?lm, 
the micropattern forming ?lm at portions Which remain 
non-insolubiliZed is removed, so that a micropattern can be 
formed beyond the limit of an exposure Wavelength. The 
insolubiliZation of the micropattern forming ?lm does not 
take place through crosslinking reaction With the resist 
pattern, but is realiZed by using the polar change caused by 
the pinacol rearrangement. Accordingly, the internal stress 
occurring inside the resist can be reduced and the resist 
pattern is prevented from deforming. 

[0073] Moreover, according to this embodiment, an aro 
matic ring-containing micropattern forming ?lm is formed 
on the resist pattern so as to cover the resist pattern there 
With. Accordingly, When an underlying thin ?lm is etched 
through this micropattern used as a mask, the resist pattern 
can be prevented from attacking With an etchant. More 
particularly, Where a resist ?lm having sensitivity at a short 
Wavelength is used, there is no possibility of the resist ?lm 
being attacked With an etchant, thereby ensuring the forma 
tion of a pattern of high accuracy in the underlying thin ?lm. 

[0074] Second Embodiment 

[0075] This embodiment is characteriZed in that light 
exposure is carried out prior to the MB treatment set out in 
the ?rst embodiment. 

[0076] FIG. 2A~FIG. 2G, respectively, is a process chart 
shoWing a method of manufacturing a semiconductor device 
using a micropattern forming material according to the 
invention. 

[0077] As shoWn in FIG. 2A, a resist composition is 
coated onto a semiconductor substrate 8 to from a resist ?lm 
9. For instance, a resist composition is coated onto a 
semiconductor substrate by a spin coating method or the like 
in a thickness of 0.7 pm to 1.0 pm, In this embodiment, the 
resist composition used is one Which is able to generate an 
acidic component inside the resist by application of heat. 
The resist composition includes, for example, a positive type 
resist constituted of a novolac resin and a naphthoquinone 
diaZide photosensitiZer. Alternatively, a chemical ampli?ca 
tion-type resist Which generates an acid by irradiation of a 
UV ray or the like may also be used. The resist composition 
may be either of a positive type resist or a negative type 
resist. 

[0078] Next, the solvent present in the resist ?lm 9 is 
evaporated by a pre-baking treatment. The pre-baking treat 
ment is carried out, for example, by thermal treatment using 
a hot plate at 70° C. to 110° C. for about 1 minute. 
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Thereafter, as shown in FIG. 2B, the resist ?lm 9 is exposed 
to light through a mask 10. The light source used for the 
exposure may be one Whose Wavelength corresponds to a 
sensitivity Wavelength of the resist ?lm 9. Using such a light 
source, the resist ?lm 9 is irradiated, for example, With a 
g-line spectrum, an i-line spectrum, deep UV light, a KrF 
excimer laser beam (248 nm), an ArF excimer laser beam 
(193 nm) and EB (electron beam), or an X ray. 

[0079] After exposure of the resist ?lm, a PEB treatment 
(post-exposure baking treatment) is carried out, if necessary. 
This leads to an improved resolution of the resist ?lm. The 
PEB treatment is performed, for example, by baking at 50° 
C. to 120° C. 

[0080] Next, developing treatment is carried out by use of 
an appropriate liquid developer for patterning of the resist 
?lm. If the resist composition used is of the positive type, 
such a resist pattern 11 as shoWn in FIG. 2C is obtained. For 
a liquid developer, an alkaline aqueous solution containing, 
for example, about 0.05 to 3.0 Wt % of TMAH (tetramethy 
lammonium hydroxide) may be used. 

[0081] After completion of the development, post-devel 
opment baking may be performed, if necessary. Because the 
post-development baking in?uences a subsequent mixing 
reaction, it is favorable that temperature conditions are 
appropriately set depending on the types of resist composi 
tion and micropattern-forming material used. For instance, a 
hot plate is used for heating at 60° C. to 120° C. for about 
60 seconds. 

[0082] As shoWn in FIG. 2D, 21 micropattern forming 
material according to the invention is coated onto the resist 
pattern 11 to form a micropattern forming ?lm 12. The 
manner of coating the micropattern forming material is not 
critical so far as uniform coating on the resist pattern 11 is 
ensured. For instance, a spraying method, a spin coating 
method or a dipping method can be used for the coating. 

[0083] The micropattern forming material of the invention 
has a feature in that it undergoes polar change in the 
presence of an acid and is insolubiliZed in a liquid developer. 
More particularly, the insolubiliZation is realiZed by utiliZing 
pinacol rearrangement With an acid. The composition of the 
micropattern forming material is described in detail beloW. 

[0084] The micropattern forming material according to the 
invention comprises, like the ?rst embodiment, a Water or 
alkali-soluble resin, a pinacol and Water or a mixed solvent 
of Water and an organic solvent miscible With Water. 

[0085] The resins include, for example, ones having an 
aromatic ring in the structure thereof. The resins may be 
used singly or in admixture of tWo or more resins. For 
instance, mentions is made of polyvinyl alcohol, polyacrylic 
acid, polyvinyl acetal, polyvinyl pyrrolidone, polyethylene 
imine, polyethylene oxide, a styrene-maleic anhydride 
copolymer, polyvinylamine, polyallylamine, an oxaZoline 
group-containing Water-soluble resin, a Water-soluble 
melamine resin, a Water-soluble urea resin, an alkyd resin or 
sulfonamide. 

[0086] The pinacol includes, for example, 1,1,2,2-tetram 
ethylethylene glycol, hydrobenZoin, benZopinacol, DL-ot,[3 
di-(4-pyridyl)glycol or 2,3-di-2-pyridyl-2,3-butanediol The 
resin and pinacol may be dissolved either in Water or in a 
mixed solvent of Water and an organic solvent. The organic 
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solvent mixed With Water is not critical in type so far as it is 
miscible With Water, and the type of organic solvent should 
be so selected as to take the solubility of the resin used for 
the micropattern forming material into consideration and 
should be mixed Within a range of amount not dissolving a 
resist pattern. For instance, alcohols such as ethanol, metha 
nol, isopropyl alcohol and cyclohexanol, y-butyrolactone, 
N-methylpyrrolidone or acetone can be used. 

[0087] The micropattern forming material may be one 
Which comprises a pinacol component-containing copoly 
mer soluble in Water or alkali, and Water or a mixed solvent 
of Water and a Water-soluble organic solvent. For the pinacol 
component-containing, Water or alkali-soluble copolymer, a 
copolymer of p-(1,2-dihydroxy-1,2-dimethylpropyl)styrene 
and a styrene derivative having a hydrophilic group may be 
used. 

[0088] For instance, a copolymer of p-(1,2-dihydroxy-1, 
2-dimethylpropyl)styrene and tetramethylammonium-p-sty 
renesulfonate or a copolymer of p-(1,2-dihydroxy-1,2-dim 
ethylpropyl)styrene and styrene having an ethylene oxide 
oligomer at the para position may be used as a major 
component of the copolymer as shoWn in the foregoing 
chemical formula 3. The ethylene oxide oligomer should 
preferable be such that n=10~30. In addition, a copolymer 
made of three components of p-(1,2-dihydroxy-1,2-dimeth 
ylpropyl)styrene, tetramethylammonium-p-styrenesulfonate 
and styrene having an ethylene oxide oligomer at the para 
position may also be used as the major component. 

[0089] In this case, p-(1,2-dihydroxy-1,2-dimethylpropyl 
)styrene serves as a pinacol component. Tetramethylammo 
nium-p-styrenesulfonate and styrene having an ethylene 
oxide oligomer at the para position, respectively, plays the 
role of imparting hydrophilicity and also adhesion to a resist. 

[0090] Where the hydrophilic components of tetramethy 
lammonium-p-styrenesulfonate and styrene having an eth 
ylene oxide oligomer at the para position are used for 
copolymeriZation With p-(1,2-dihydroxy-1,2-dimethylpro 
pyl)styrene, tetramethylammonium-p-styrenesulfonate may 
be larger in amount than styrene having an ethylene oxide 
oligomer at the para position, and vice versa. Alternatively, 
tetramethylammonium-p-styrenesulfonate and styrene hav 
ing an ethylene oxide oligomer at the para position may be 
used in equal amounts. It is preferred that the mixing ratio 
is changed depending on the properties of a resist used. 

[0091] A styrene derivative Wherein ammonium sulfonate 
or an ethylene oxide oligomer is bonded to styrene at the 
ortho or meta position may be used as the styrene derivative 
having a hydrophilic group. 

[0092] Moreover, the micropattern forming material of the 
invention may further comprise, aside form the above-stated 
components, other components as additives. For instance, 
for the purpose of improving coating properties, a surface 
active agent may be contained. 

[0093] Next, pre-baking treatment is carried out so as to 
evaporate the solvent from the micropattern forming ?lm 12. 
The pre-baking treatment is effected, for example, by use of 
a hot plate for thermal treatment at about 85° C. for about 1 
minute. 

[0094] As shoWn in FIG. 2E, this embodiment is charac 
teriZed in that after the pre-baking treatment, the semicon 



US 2004/0029047 A1 

ductor substrate 8 is exposed to light over the entire surfaces 
thereof. This permits an acid to be generated in the resist 
pattern prior to the MB treatment. The light source used for 
the exposure is not critical so far as it ensures acid genera 
tion in the resist pattern and is appropriately selected 
depending on the sensitivity Wavelength of the resist pattern. 
For examples, the exposure is possible When using an Hg 
lamp, a KrF excimer laser, an ArF excimer laser or the like. 

[0095] Next, the resist pattern 11 formed on the semicon 
ductor substrate 8 and the micropattern forming ?lm 12 
formed thereon are subjected to the MB treatment. The 
diffusion of an acid is facilitated by the MB treatment, 
thereby feeding the acid from the resist pattern to the 
micropattern forming ?lm. Upon the feed of the acid to the 
micropattern forming ?lm, a polar change takes place at the 
interface betWeen the resist pattern and the micropattern 
forming ?lm, thereby causing the micropattern forming ?lm 
to be insolubiliZed. The MB treatment is set under optimum 
conditions depending on the type of resist composition and 
the required thickness of the insolubiliZed layer. For 
instance, a hot plate is used to create MB treating conditions 
of 70° C. to 150° C. and 60 seconds to 120 seconds. When 
the MB treatment is carried out, the insolubiliZed layer 13 
caused by the polar change is formed in the micropattern 
forming ?lm 12 so as to cover the resist pattern 11 thereWith 
as is particularly shoWn in FIG. 2F. 

[0096] The thickness of the insolubiliZed layer can be 
changed by controlling the quantity of reaction betWeen the 
resist pattern and the micropattern forming material, and a 
speci?c method thereof is similar to that of the ?rst embodi 
ment. 

[0097] Next, development treatment is carried out using 
Water or an alkaline aqueous developer to remove the 
micropattern forming ?lm 12 at portions Where not insolu 
biliZed. For the alkaline aqueous developer, an aqueous 
solution of an alkali such as TMAH (tetramethylammonium 
hydroxide) can be used. After the development, post-baking 
treatment is performed under appropriate conditions to form 
a micropattern 14, thereby providing a structure of FIG. 2G. 
The post-baking treatment can be carried out, for example, 
by heating at 90° C. to 110° C. for 70 seconds to 90 seconds. 

[0098] The micropattern formed according to the forego 
ing steps is provided as a mask to etch different types of thin 
?lms, such as an insulating ?lm, formed on the underlying 
semiconductor substrate or semiconductor substrate, to fab 
ricate semiconductor devices having different types of 
micropattern structures. 

[0099] According to this embodiment, aside from the 
effects obtained in the ?rst embodiment, the exposure is 
carried out prior to the MB treatment, so that the insolubi 
liZation reaction of the micropattern forming ?lm can be 
more facilitated. More particularly, the insolubiliZed layer 
can be formed more thickly, enabling one to form a ?ner 
pattern. 
[0100] Third Embodiment 
[0101] This embodiment is characteriZed in that after the 
formation of a resist pattern, an electron beam is irradiated 
over a desired region of a semiconductor substrate. 

[0102] FIG. 3A~3G, respectively, is a process chart shoW 
ing a method of manufacturing a semiconductor device 
using a micropattern forming material according to the 
invention. 
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[0103] As shoWn in FIG. 3A, a resist composition is 
coated onto a semiconductor substrate 15 to form a resist 
?lm 16. For instance, a resist composition is coated onto a 
semiconductor substrate by a spin coating method or the like 
in a thickness of 0.7 pm to 1.0 pm, 

[0104] In this embodiment, the resist composition used is 
one Which is able to generate an acidic component inside the 
resist by application of heat. The resist composition 
includes, for example, a positive type resist constituted of a 
novolac resin and a naphthoquinone diaZide photosensitiZer. 
The resist composition may be either of a positive type resist 
or a negative type resist. 

[0105] Next, the solvent present in the resist ?lm 16 is 
evaporated by a pre-baking treatment. The pre-baking treat 
ment is carried out, for example, by thermal treatment using 
a hot plate at 70° C. to 110° C. for about 1 minute. 
Thereafter, as shoWn in FIG. 3B, the resist ?lm 16 is 
exposed to light through a mask 17. The light source used for 
the exposure may be one Whose Wavelength corresponds to 
a sensitivity Wavelength of the resist ?lm 16. Using such a 
light source, the resist ?lm 9 is irradiated, for example, With 
a g-line spectrum, an i-line spectrum, deep UV light, a KrF 
excimer laser beam (248 nm), an ArF excimer laser beam 
(193 nm) and EB (electron beam), or an X ray. 

[0106] After exposure of the resist ?lm, a PEB treatment 
(post-exposure baking treatment) is carried out, if necessary. 
This leads to an improved resolution of the resist ?lm. The 
PEB treatment is performed, for example, by baking at 50° 
C. to 120° C. 

[0107] Next, developing treatment is carried out by use of 
an appropriate liquid developer for patterning of the resist 
?lm. If the resist composition used is of the positive type, 
such a resist pattern 18 as shoWn in FIG. 3C is obtained. For 
a liquid developer, an alkaline aqueous solution containing, 
for example, about 0.05 to 3.0 Wt % of TMAH (tetramethy 
lammonium hydroxide) may be used. 

[0108] After completion of the development, post-devel 
opment baking may be performed, if necessary. Because the 
post-development baking in?uences a subsequent mixing 
reaction, it is favorable that temperature conditions are 
appropriately set depending on the types of resist composi 
tion and micropattern-forming material used. For instance, a 
hot plate is used for heating at 60° C. to 120° C. for about 
60 seconds. 

[0109] This embodiment is characteriZed in that after the 
formation of the resist pattern, the semiconductor substrate 
15 is selectively irradiated With an electron beam as shoWn 
in FIG. 3D. More particularly, the selected regions of the 
semiconductor substrate 15 are covered With a mask 19 
Which shields an electron beam, and the other regions are 
irradiated With an electron beam. 

[0110] Next, as shoWn in FIG. 3E, 21 micropattern forming 
material is coated onto the resist pattern 18 to form a 
micropattern forming ?lm 20. The manner of coating the 
micropattern forming material is not critical so far as uni 
form coating on the resist pattern 18 is ensured. For instance, 
a spraying method, a spin coating method or a dipping 
method can be used for the coating. 

[0111] The micropattern forming material of the invention 
has a feature in that it undergoes polar change in the 
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presence of an acid and is insolubiliZed in a liquid developer. 
More particularly, the insolubiliZation is realized by utilizing 
pinacol rearrangement With an acid. The composition of the 
micropattern forming material is described in detail beloW. 

[0112] The micropattern forming material according to the 
invention comprises, like the ?rst embodiment, a Water or 
alkali-soluble resin, a pinacol and Water or a mixed solvent 
of Water and a Water-soluble organic solvent. 

[0113] For the resins, for example, those having an aro 
matic ring in the structure thereof may be used. The resins 
may be used singly or in admixture of tWo or more resins. 
For instance, mentions is made of polyvinyl alcohol, poly 
acrylic acid, polyvinyl acetal, polyvinyl pyrrolidone, poly 
ethyleneimine, polyethylene oxide, a styrene-maleic anhy 
dride copolymer, polyvinylamine, polyallylamine, an 
oxaZoline group-containing Water-soluble resin, a Water 
soluble melamine resin, a Water-soluble urea resin, an alkyd 
resin or sulfonamide. 

[0114] The pinacol includes, for example, 1,1,2,2-tetram 
ethylethylene glycol, hydrobenZoin, benZopinacol, DL-ot,[3 
di-(4-pyridyl)glycol or 2,3-di-2-pyridyl-2,3-butanediol. 

[0115] The resin and pinacol may be dissolved either in 
Water or in a mixed solvent of Water and an organic solvent. 
The organic solvent mixed With Water is not critical in type 
so far as it is miscible With Water, and the type of organic 
solvent should be so selected as to take the solubility of the 
resin used for the micropattern forming material into con 
sideration and should be mixed Within a range of amount not 
dissolving a resist pattern. For instance, alcohols such as 
ethanol, methanol, isopropyl alcohol and cyclohexanol, 
y-butyrolactone, N-methylpyrrolidone or acetone can be 
used. 

[0116] The micropattern forming material may be one 
Which comprises a pinacol component-containing copoly 
mer soluble in Water or alkali, and Water or a mixed solvent 
of Water and a Water-soluble organic solvent. For the pinacol 
component-containing, Water or alkali-soluble copolymer, a 
copolymer of p-(1,2-dihydroxy-1,2-dimethylpropyl)styrene 
and a styrene derivative having a hydrophilic group may be 
used. 

[0117] For instance, a copolymer of p-(1,2-dihydroxy-1, 
2-dimethylpropyl)styrene and tetramethylammonium-p-sty 
renesulfonate or a copolymer of p-(l,2-dihydroxy-1,2-dim 
ethylpropyl)styrene and styrene having an ethylene oxide 
oligomer at the para position may be used as a major 
component of the copolymer as shoWn in the foregoing 
chemical formula 3. The ethylene oxide oligomer should 
preferable be such that n=10~30. In addition, a copolymer 
made of three components of p-(l,2-dihydroxy-1,2-dimeth 
ylpropyl)styrene, tetramethylammonium-p-styrenesulfonate 
and styrene having an ethylene oxide oligomer at the para 
position may also be used as the major component. 

[0118] In this case, p-(l,2-dihydroxy-1,2-dimethylpropyl 
)styrene serves as a pinacol component. Tetramethylammo 
nium-p-styrenesulfonate and styrene having an ethylene 
oxide oligomer at the para position, respectively, plays the 
role of imparting hydrophilicity and also adhesion to a resist. 

[0119] Where the hydrophilic components of tetramethy 
lammonium-p-styrenesulfonate and styrene having an eth 
ylene oxide oligomer at the para position are used for 
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copolymeriZation With p-(l,2-dihydroxy-1,2-dimethylpro 
pyl)styrene, tetramethylammonium-p-styrenesulfonate may 
be larger in amount than styrene having an ethylene oxide 
oligomer at the para position, and vice versa. Alternatively, 
tetramethylammonium-p-styrenesulfonate and styrene hav 
ing an ethylene oxide oligomer at the para position may be 
used in equal amounts. It is preferred that the mixing ratio 
is changed depending on the properties of a resist used. 

[0120] It Will be noted that a styrene derivative Wherein 
ammonium sulfonate or an ethylene oxide oligomer is 
bonded to styrene at the ortho or meta position may be used 
as the styrene derivative having a hydrophilic group. 

[0121] Moreover, the micropattern forming material of the 
invention may further comprise, aside form the above-stated 
components, other components as additives. For instance, 
for the purpose of improving coating properties, a surface 
active agent may be contained. 

[0122] Next, pre-baking treatment is carried out so as to 
evaporate the solvent from the micropattern forming ?lm 20. 
The pre-baking treatment is effected, for example, by use of 
a hot plate for thermal treatment at about 85° C. for about 1 
minute. 

[0123] After the pre-baking treatment, the resist pattern 18 
formed on the semiconductor substrate 15 and the micro 
pattern forming ?lm 20 formed thereof are subjected to the 
MB treatment. Upon the MB treatment, as shoWn in FIG. 
3F, the insolubiliZation reaction does not occur at the por 
tions Where selectively irradiated With an electron beam, but 
an insolubiliZed layer 21 is formed only on portions Where 
not irradiate With the electron beam. That is, the insolubi 
liZed layer 21 is formed so as to cover the resist pattern 18 
thereWith only in the micropattern forming ?lm 20 at 
portions thereof Where the electron beam is not irradiated by 
shielding With the electron beam shield. 

[0124] The MB treatment is set under optimum conditions 
depending on the type of resist composition and the required 
thickness of the insolubiliZed layer. For instance, a hot plate 
is used to create MB treating conditions of 70° C. to 150° C. 
and 60 seconds to 120 seconds. 

[0125] The thickness of the insolubiliZed layer can be 
changed by controlling the quantity of reaction betWeen the 
resist pattern and the micropattern forming ?lm, and a 
speci?c method thereof is similar to that of the ?rst embodi 
ment. 

[0126] Next, development treatment is carried out using 
Water or an alkaline aqueous developer to remove the 
micropattern forming ?lm 20 at portions Where not insolu 
biliZed. For the alkaline aqueous developer, an aqueous 
solution of an alkali such as TMAH (tetramethylammonium 
hydroxide) can be used. After the development, post-baking 
treatment is performed under appropriate conditions to form 
a micropattern 22, thereby providing a structure of FIG. 3G. 
The post-baking treatment can be carried out, for example, 
by heating at 90° C. to 110° C. for 70 seconds to 90 seconds. 

[0127] The micropattern formed according to the forego 
ing steps is provided as a mask to etch different types of thin 
?lms, such as an insulating ?lm, formed on the underlying 
semiconductor substrate or semiconductor substrate, to fab 
ricate semiconductor devices having different types of 
micropattern structures. 



US 2004/0029047 A1 

[0128] According to this embodiment, an electron beam is 
irradiated on only selected regions of a semiconductor 
substrate, so that the insolubiliZed layer is not formed only 
on the selected regions. Accordingly, micropatterns of dif 
ferent siZes can be formed on the same semiconductor 
substrate. 

[0129] In this embodiment, irradiation of an electron beam 
only on speci?c regions has been described, to Which the 
invention is not limited. For instance, in case of a resist 
pattern capable of generating an acid by exposure, after 
formation of a micropattern forming ?lm, part of a semi 
conductor substrate may be shielded by a mask to irradiate 
light only onto selected regions. This alloWs an insolubiliZed 
layer to be formed only at the exposed portions. 

[0130] In Embodiments 1 to 3, as the instances of a resist 
composition, a resist capable generating an acid by appli 
cation of heat and a chemically ampli?ed resist capable of 
generating an acid by irradiation of a UV ray or the like are 
mentioned, Which the invention should not be construed as 
limitation thereof. For example, a resist composition, Which 
contains an acidic substance such as a carboxylic acid and is 
so arranged that this acidic substance is diffused by heating, 
may also be used. 

[0131] Alternatively, a resist pattern may be surface 
treated With an acidic liquid or an acidic gas. According to 
this method, the acid soaks in the resist pattern and an 
acid-containing thin layer can be formed in the surface of the 
resist pattern, With a similar effect being obtained. 

[0132] Moreover, in Embodiments 1 to 3, the cases Where 
a micropattern is formed on a semiconductor substrate have 
been illustrated, to Which the invention is not limited. The 
micropattern may be formed on other type of support so far 
as use is made of the formation of a micropattern. 

[0133] Formation of Resist Pattern 

Example 1 

[0134] A novolac resin and naphthoquinone diaZide Were 
dissolved in a solvent consisting of ethyl lactate and pro 
pylene glycol monoethyl acetate to prepare an i-line resist, 
Which Was provided as a resist composition. Next, the resist 
composition Was dropped on a silicon Wafer and spin coated 
by use of a spinner. Thereafter, pre-baking Was carried out 
at 85° C. for 70 seconds to evaporate the solvent from the 
?rst resist ?lm. The resist ?lm after the pre-baking had a 
thickness of about 0.1 pm. 

[0135] Next, the resist ?lm Was exposed to light by use of 
an i-line reduced projection-type aligner. Thereafter, the 
PEB treatment Was carried out at 120° C. for 70 seconds, 
folloWed by development With an alkaline aqueous devel 
oper (HMD3, made by Tokyo Ohka Kogyo Co., Ltd.) to 
obtain a resist pattern. 

Example 2 

[0136] A novolac resin and naphthoquinone diaZide Were 
dissolved in a solvent of 2-heptane to prepare an i-line resist, 
Which Was provided as a resist composition. Next, the resist 
composition Was dropped on a silicon Wafer and spin coated 
by use of a spinner. Thereafter, pre-baking Was carried out 
at 85° C. for 70 seconds to evaporate the solvent from the 
resist ?lm. The resist ?lm after the pre-baking had a thick 
ness of about 0.8 pm. 
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[0137] Next, the resist ?lm Was exposed to light by use of 
an i-line reduced projection-type aligner. Thereafter, the 
PEB treatment Was carried out at 120° C. for 70 seconds, 
folloWed by development With an alkaline aqueous devel 
oper (HMD3, made by Tokyo Ohka Kogyo Co., Ltd.) to 
obtain a resist pattern. 

Example 3 

[0138] A novolac resin and naphthoquinone diaZide Were 
dissolved in a solvent consisting of ethyl lactate and butyl 
acetate to prepare an i-line resist, Which Was provided as a 
resist composition. Next, the resist composition Was dropped 
on a silicon Wafer and spin coated by use of a spinner. 
Thereafter, pre-baking Was carried out at 100° C. for 90 
seconds to evaporate the solvent from the ?rst resist ?lm. 
The resist ?lm after the pre-baking had a thickness of about 
1.0 pm. 

[0139] Next, the resist ?lm Was exposed to light by use of 
a stepper, made by Nikon Corporation. Thereafter, the PEB 
treatment Was carried out at 110° C. for 60 seconds, fol 
loWed by development With an alkaline aqueous developer 
(HMD3, made by Tokyo Ohka Kogyo Co., Ltd.) to obtain a 
resist pattern. 

Example 4 

[0140] For a resist composition, a chemically ampli?ed 
excimer resist, made by Tokyo Ohka Kogyo Co., Ltd., Was 
used. Next, the resist composition Was dropped on a silicon 
Wafer and spin coated by use of a spinner. Thereafter, 
pre-baking Was carried out at 90° C. for 90 seconds to 
evaporate the solvent from the ?rst resist ?lm. The resist ?lm 
after the pre-baking had a thickness of about 0.8 pm. 

[0141] Next, the resist ?lm Was exposed to light by use of 
a KrF excimer reduced projection-type aligner. Thereafter, 
the PEB treatment Was carried out at 100° C. for 90 seconds, 
folloWed by development With an alkaline aqueous devel 
oper of TMAH (NMD-W, made by Tokyo Ohka Kogyo Co., 
Ltd.) to obtain a resist pattern. 

Example 5 

[0142] For a resist composition, a chemical ampli?cation 
type resist (MELKER, J. Vac. Sci. Technol., B11 (6) 2773, 
1993), made by Ryouden Chemicals, Ltd., containing t-bu 
toxycarbonylated polyhydroxystyrene and an acid generator 
Was used. Next, the resist composition Was dropped on a 
silicon Wafer and spin coated by use of a spinner. Thereafter, 
pre-baking Was carried out at 120° C. for 180 seconds to 
evaporate the solvent from the ?rst resist ?lm. The resist ?lm 
after the pre-baking had a thickness of about 0.52 pm. 

[0143] Next, for the purpose of forming an antistatic ?lm, 
Espacer ESP 100, made by ShoWa Denko K.K., Was dropped 
on the resist ?lm and spin coated by use of a spinner. 
Thereafter, pre-baking Was carried out at 80° C. for 120 
seconds. 

[0144] Next, an EB Writing device Was used for Writing at 
a dosage of 17.4 pC/cmz. Thereafter the PEB treatment Was 
carried out at 80° C. for 120 seconds, after Which the 
antistatic ?lm Was removed by use of pure Water, folloWed 
by development With an alkaline aqueous developer of 
TMAH (NMD-W, made by Tokyo Ohka Kogyo Co., Ltd.) to 
obtain a resist pattern. The resulting resist pattern had a 
thickness of about 0.2 pm. 
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[0145] Preparation of Micropattern Forming Material 

Example 6 

[0146] 400 g of pure Water Was added to an aqueous 
solution of 20 Wt % of a copolymer of p-(1,2-dihydroxy-1, 
2-dimethylpropyl)styrene and tetramethylammonium-p-sty 
renesulfonate and mixed under agitation at room tempera 
ture for 6 hours to obtain an aqueous solution of 5 Wt % of 
the Water-soluble resin. 100 ppm of a surface active agent 
Was further added to the solution to provide a micropattern 
forming material. 

Example 7 

[0147] 400 g of an aqueous solution containing 20 Wt % of 
hydrobenZoin Was added to an aqueous solution of 20 Wt % 
of polyvinyl alcohol and mixed under agitation at room 
temperature for 6 hours to obtain a mixed solution of 5 Wt 
% of polyvinyl alcohol and hydrobenZoin. 100 ppm of a 
surface active agent Was added to the mixed solution to 
obtain a micropattern forming material. 

[0148] Formation of Micropatterns 

Example 8 

[0149] The micropattern forming material obtained in 
Example 6 Was dropped on the silicon Wafer obtained in 
Example 3, on Which the resist pattern had been formed, and 
spin coated by use of a spinner. Thereafter, a hot plate Was 
used for pre-baking at 85° C. for 70 seconds to obtain a 
micropattern forming ?lm. 

[0150] Next, a hot plate Was used to carry out the MB 
treatment at 120° C. for 90 seconds to permit an insolubi 
liZation reaction to proceed in the micropattern forming ?lm. 
Thereafter, pure Water Was used for development to remove 
a non-insolubiliZed layer of the micropattern forming ?lm. 
Subsequently, a hot plate Was used for post-baking at 90° C. 
for 90 seconds to form a micropattern on the resin pattern. 

Example 9 

[0151] The micropattern forming material obtained in 
Example 6 Was dropped on the silicon Wafer obtained in 
Example 2 and forming the resist pattern thereon and spin 
coated by use of a spinner. Thereafter, a hot plate Was used 
for pre-baking at 85° C. for 70 seconds to form a micropat 
tern forming ?lm. 

[0152] Next, the Wafer Was exposed to over the entire 
surfaces thereof by use of an i-line aligner. Thereafter, a hot 
plate Was used for the MB treatment at 150° C. for 90 
seconds to permit the insolubiliZation reaction to proceed in 
the micropattern forming ?lm. 

[0153] Pure Water Was used to carry out development 
treatment thereby removing a non-insolubiliZed layer of the 
micropattern forming ?lm. Subsequently, a hot plate Was 
used for post-baking at 110° C. for 90 seconds to form a 
micropattern on the resist pattern. 

[0154] The patterns formed according to the examples are 
illustrated With reference to FIG. 4. In FIG. 4, a shaded area 
indicates a portion Where a micropattern 23 is formed. The 
measurement of a hole diameter L in the ?gure reveals that 
it Was at about 0.26 pm, Which Was reduced by about 0.14 
pm relative to a hole diameter L prior to the formation of the 
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insolubiliZed layer. On the other hand, a hole diameter L in 
case Where the MB treatment Was carried out Without 
exposure to light Was found to be at about 0.29 pm, Which 
Was reduced by about 0.11 pm relative to a hole diameter L 
prior to the formation of the insolubiliZed layer. 

Example 10 

[0155] An electron beam Was irradiated selectively by use 
of an electron beam shield on the silicon Wafer obtained in 
Example 2 and forming the resist pattern thereon. The 
dosage Was at 50 pC/cmz. Next, the micropattern forming 
material obtained in Example 6 Was dropped on the Wafer 
and spin coated by use of a spinner. Thereafter, a hot plate 
Was used for pre-baking at 85° C. for 70 seconds to form a 
micropattern forming ?lm. 

[0156] Next, a hot plate Was used for the MB treatment at 
120° C. for 90 seconds to permit the insolubiliZation reaction 
to proceed in the micropattern forming ?lm. 

[0157] Next, pure Water Was used for development to 
remove a non-insolubiliZed layer of the micropattern form 
ing ?lm. Subsequently, a hot plate Was used for post-baking 
at 110° C. for 70 seconds to selectively form a micropattern 
on the resist pattern. 

[0158] The patterns formed in these examples are illus 
trated With reference to FIG. 4. In FIG. 4, the shaded area 
indicates a portion Where the micropattern 23 is formed. The 
hole diameters L of the ?gure Were measured at the portion 
irradiated With an electron beam and a portion not irradiated 
With an electron beam, revealing that the hole diameter L at 
the portion irradiated With an electron beam Was the same as 
the hole diameter L prior to the formation of the insolubi 
liZed layer. On the other hand, the hole diameter L at the 
portion not irradiated With an electron beams Was reduced 
over the hole diameter L prior to the formation of the 
insolubiliZed layer. 

[0159] The features and advantages of the present inven 
tion may be summariZed as folloWs. 

[0160] According to one aspect, a micropattern forming 
?lm Was insolubiliZed at the interface betWeen a resist 
pattern and the micropattern forming ?lm, after Which a 
non-insolubiliZed micropattern forming ?lm is removed, so 
that a ?ne pattern can be formed beyond the limit of an 
exposure Wavelength. 

[0161] According to another aspect, the insolubiliZation of 
the micropattern forming ?lm is realiZed by using the polar 
change ascribed to the pinacol rearrangement, and the inter 
nal stress generated in the resist can be reduced, thus 
enabling one to prevent the deformation of the resist pattern. 

[0162] According to another aspect, an aromatic ring 
containing micropattern forming ?lm is formed on the resist 
pattern so as to cover the resist pattern thereWith, so that the 
resist pattern is prevented from attacking With an etchant, 
thereby forming a pattern of high precision in underlying 
thin ?lms. 

[0163] According to another aspect, the insolubiliZation 
reaction of the micropattern is more facilitated by exposure 
to light prior to the MB treatment, and thus the insolubiliZed 
layer can be formed in a larger thickness, thereby ensuring 
the formation of a ?ner pattern. 
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[0164] Moreover, according to other aspect, only a 
selected area of a support is exposed or is irradiated With an 
electron beam, so that micropatterns of different dimensions 
can be formed on the same support. 

[0165] For further reference, the micropattern forming 
material and the micropattern forming method according to 
the present invention may be summarized as folloWs. 

[0166] According to one aspect, the resist pattern is made 
of a resist containing a novolac resin and a naphthoquinone 
diaZide photosensitive agent. 

[0167] According to another aspect, the resist pattern is 
made of a chemically ampli?ed resist. 

[0168] According to another aspect, the micropattern 
forming material further comprises a surface active agent. 

[0169] According to another aspect, the resist pattern is 
formed of a resist capable of generating an acid by thermal 
treatment. According to another aspect, the resist pattern is 
formed of a resist capable of generating an acid by eXposure 
to light. 

[0170] According to another aspect, the resist pattern is 
formed of a resist containing an acid. 

[0171] According to other aspect, the second step is car 
ried out after the resist pattern formed by the ?rst step is 
surface-treated With an acid liquid or an acid gas. 

[0172] Obviously many modi?cations and variations of 
the present invention are possible in the light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims the invention may by practiced 
otherWise than as speci?cally described. 

[0173] The entire disclosure of a Japanese Patent Appli 
cation No. 2002-230113, ?led on Aug. 7, 2002 including 
speci?cation, claims, draWings and summary, on Which the 
Convention priority of the present application is based, are 
incorporated herein by reference in its entirety. 

What is claimed is: 
1. A micropattern forming material, comprising: 

a polar change material formed on a resist pattern capable 
of generating an acid, said polar change material being 
soluble in Water or an alkali, a portion of said polar 
change material in contact With said resist pattern 
undergoing a polar change caused by the acid from said 
resist pattern to form an insolubiliZed ?lm insoluble in 
at least one of Water and the alkali; and 

Water or a miXed solvent of Water and a Water-soluble 

organic solvent. 
2. The micropattern forming material according to claim 

1, Wherein said polar change material includes: 

a resin soluble in Water or the alkali; and 

a pinacol. 
3. The micropattern forming material according to claim 

2, Wherein said resin has a structure containing an aromatic 
ring in the molecule. 

4. The micropattern forming material according to claim 
2, Wherein said resin is at least one selected from the group 
consisting of polyvinyl alcohol, polyacrylic acid, polyvinyl 
acetal, polyvinyl pyrrolidone, polyethyleneimine, polyeth 
ylene oXide, a styrene-maleic anhydride copolymer, polyvi 
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nylamine, polyallylamine, an oXaZoline group-containing 
Water-soluble resin, a Water-soluble melamine resin, a Water 
soluble urea resin, an alkyd resin and a sulfonamide. 

5. The micropattern forming material according to claim 
2, Wherein said pinacol is selected from the group consisting 
of 1,1,2,2-tetramethylethylene glycol, hydrobenZoin, ben 
Zopinacol, DL-ot,[3-di-(4-pyridyl) glycol and 2,3-di-2-py 
ridyl-2,3-butanediol. 

6. The micropattern forming material according to claim 
1, Wherein said polar change material includes a copolymer 
containing a pinacol component. 

7. The micropattern forming material according to claim 
6, Wherein said copolymer consists of a copolymer of 
p-(1,2-dihydroXy-1,2-dimethylpropyl)styrene and a hydro 
philic group-containing styrene derivative. 

8. The micropattern forming material according to claim 
7, Wherein said hydrophilic group-containing styrene deriva 
tive consists of tetramethylammonium-p-styrenesulfonate 
and/or styrene having an ethylene oXide oligomer at the para 
position. 

9. The micropattern forming material according to claim 
1, further comprising a surface active agent. 

10. A micropattern forming method comprising the steps 
of: 

forming a resist pattern capable of generating an acid on 
a support; 

coating a micropattern forming material soluble in Water 
or an alkali on said resist pattern to form a micropattern 
forming ?lm, said micropattern forming material 
including a polar change material soluble in Water or 
the alkali undergoing a polar change caused by the acid, 
and (ii) Water or a miXed solvent of Water and a 
Water-soluble organic solvent; 

forming an insolubiliZed ?lm by the polar change of said 
micropattern forming ?lm caused by the acid from said 
resist pattern at a portion of said micropattern forming 
?lm in contact With said resist pattern, said insolubi 
liZed ?lm being insoluble in at least one of Water and 
the alkali; and 

removing the remaining portion of said micropattern 
forming ?lm Which is soluble in Water or the alkali. 

11. The micropattern forming method according to claim 
10, Wherein said polar change material includes: 

a resin soluble in Water or the alkali; and 

a pinacol. 
12. The micropattern forming method according to claim 

11, Wherein a thickness of said insolubiliZed ?lm is con 
trolled by changing a miXing ratio of said resin and said 
pinacol. 

13. The micropattern forming method according to claim 
10, Wherein said polar change material includes a copolymer 
containing a pinacol component. 

14. The micropattern forming method according to claim 
13, Wherein a thickness of said insolubiliZed ?lm is con 
trolled by changing a copolymeriZation ratio betWeen said 
pinacol component and the other component constituting 
said copolymer. 

15. The micropattern forming method according to claim 
10, Wherein said step of forming the insolubiliZed ?lm 
includes a thermally treating step. 
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16. The micropattern forming method according to claim 
15, wherein said step of forming the insolubiliZed ?lm 
further includes an exposure step. 

17. The micropattern forming method according to claim 
10, Wherein said step of forming the insolubiliZed ?lm 
includes a step of irradiating an irradiation light on a selected 
region of said resist pattern by using a mask, and the 
irradiation light causes said resist pattern to generate the 
acid. 

18. The micropattern forming method according to claim 
10, Wherein said step of coating the micropattern forming 
material is carried out after an electron beam is selectively 
irradiated on said resist pattern by using a mask to exposed 
a pattern of said mask. 
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19. The micropattern forming method according to claim 
10, Wherein said support is a semiconductor substrate. 

20. The micropattern forming method according to claim 
10, Wherein said resist pattern is made of a resist containing 
a novolac resin and a naphthoquinone diaZid photosensitive 
agent. 

21. The micropattern forming method according to claim 
10, Wherein said resist pattern is made of a chemically 
ampli?ed resist. 

22. The micropattern forming method according to claim 
10, Wherein said resist pattern is surface-treated With an 
acidic liquid or an acidic gas, folloWed by said step of 
coating the micropattern forming material. 

* * * * * 


